This article presents the results of a study of the winter hydrochemical regime of the reservoirs of the Upper Volga basin. It has been found that in winter, when there is water drawdown and a decrease in the volume of water, the concentrations of the main ions, nutrients, heavy metals, and oil products increase in comparison with other seasons of the year. Water masses of the Upper Volga reservoirs are characterized by low hardness, neutral pH and low chromaticity. Also noted was an increasing concentration of hydrocarbonates towards the bottom.
Introduction
The winter regime of reservoirs is the set of processes active in forming the water level regime and the associated changes in morphometric characteristics of the bed amidst the formation, development and destruction of ice formations under the influence of natural and anthropogenic factors in the period of negative temperatures [1] .
Seasonal regulation of reservoirs is characterized by a decrease in the water level in the winter season. At the beginning of winter the source of water flow transforms from mainly surface and ground sources to underground inflows, and at the end of the season the reverse transition, back to surface and ground inflows, occurs. The time interval of this period is determined by a steady drop in temperatures to below 0ºC in the autumn through a rise back to positive temperatures in the spring [2] .
The winter hydrochemical regime of bodies of water and watercourses is formed during the process of ice cover. This period is characterized by low water temperature, the absence of surface water flow, the prevalence of groundwater feed, water drawdown in reservoirs, a change in the nature of chemical element migration in water, a limited oxygen supply, and a decrease in aquatic biota activity.
Despite the ice cover, water mixing and a slow current occur under the ice. [3] . Due to the absence of surface water flow and ice formation, the volume of water decreases and there is a concentration of mineral substances. 
Materials and methods
Study of the hydrochemical regime in the winter period of 2017 and 2018 was conducted at the stretch of the Upper Volga from the Upper Volga Reservoir to the upper pool of the Uglich Hydroelectric Power Plant (Figure 1 ). The Vyshny Volochyok Reservoir was also studied. Water samples for hydrochemical analysis were taken from the surface layer in accordance with GOST 3161-2012 "Water. General requirements for sampling." Chemical analysis of the samples was conducted in the accredited chemical laboratory of the Ivankovskaya Research Station, a branch of the Institute of Water Problems of the Russian Academy of Sciences, according to conventions. The following parameters were determined in water samples: рН, turbidity, HCO 3 , Ca, Mg, SO 4 , Cl, Na and K, Fe, Mn, Si, compounds of N and P, BOD 5 (biochemical oxygen demand), permanganate oxidability, chromaticity, oil products, synthetic surface-active substances, Zn, Pb, Cu, Cr.
Results
In the Upper Volga Reservoir concentrations of hydrocarbonates in winter amounted to 92 mg/dm 3 , at the Volga River/Ryabeevo village station (upstream from the city of Tver) they amounted to 159 mg/dm 3 . They varied from 153 to 241 mg/dm 3 in the Ivankovo Reservoir, and from 153 to 177 mg/dm 3 in the Uglich Reservoir.
Water mineralization changed from 134 mg/dm 3 (Upper Volga Reservoir) to 265 mg/dm 3 (the upper pool of the Uglich hydroelectric power plant). In the Vyshny Volochyok Reservoir water mineralization amounted to 140 mg/dm 3 . Concentrations of calcium and magnesium in the Ivankovo and Uglich reservoirs amounted to 55 and 42 mg/dm 3 and 16 and 13 mg/dm 3 , respectively. In the winter period, chloride concentration increases further down the Volga River: 0.6 mg/dm 3 In winter concentrations of nitrogen compounds grow from the source to the city of Tver (Ryabeevo village) twofold (to 0.5 mgN/dm 3 of ammonium nitrogen and nitrates). Downstream from the city of Tver concentrations of nitrates amount to 0.75 mgN/dm 3 (Gorokhovo village) and to 0.14-0.68 mgN/dm 3 at other stations of the Ivankovo Reservoir and at stations of the Uglich Reservoir.
The winter period is characterized by the undersaturation of water with oxygen in surface aquifers and a deficit of oxygen near the bottom. This is noted by some authors [4, 5, 6] . In the Ivankovo Reservoir in the surface aquifer percentage of oxygen saturation amounts to 50-62%, except for Bezborodovo village (7% O 2 ). In the Uglich Reservoir high concentrations of ammonium ion are noted at all observation stations (up to 0.58 mgN/dm 3 ). Percentage of oxygen saturation amounted to 49% at the Dubna station.
The values of BOD 5 change from 0.7 (Upper Volga Reservoir) to 3.0 mgО/dm 3 (upper pool of the Uglich hydroelectric power plant).
The chemical composition of water in the mouth of the Shlina River (Vyshny Volochyok Reservoir) is characterized by low concentrations of sulfates (3.1 mg/dm 3 ), chlorides (3.9 mg/dm 3 ), sodium and potassium (6.5 mg/dm 3 ) and biogenic elements (0.040 mg/dm 3 of total soluble phosphorus and 0.14 mg/dm 3 of nitrates).
Concentration of synthetic surface-active substances in water of the Upper Volga and its reservoirs in winter change in the range from 0.005 to 0.045 mg/dm 3 
